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The Demjanov r e a r r a n g e m e n t  with r ing expansion p roceeds  to a s l ight  degree  (~9%) 
during the deaminat ion of 1 -m e t hy l -2 - aminome thy lp ipe r i d ine  with n i t rous  acid, and the 
m a j o r  reac t ion  products  a r e  1 -me thy l -2 -hyd roxyme thy lp ipe r id ine  and 6 -me thy lamino-  
2-hexanone.  

We have prev ious ly  es tab l i shed  that the Demjanov r e a r r a n g e m e n t  p roceeds  to the extent of only 8 % 
during the deaminat ion of 1 - m e t h y l - 3 -  and 1 -me thy l -4 - aminome thy lp ipe r i d ine  [1,2]o It was of in te res t  to 
study the behav io r  in this reac t ion  of 1 - m e t h y l - 2 - a m i n o m e t h y l p i p e r i d i n e  which has  a r ing ni t rogen c lose  
to the reac t ion  center .  

An invest igat ion of the reac t ion  products  showed that  only ~9 % of the Demjanov r e a r r a n g e m e n t  p ro-  
duct (VI) is f o r m e d  in this case .  
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As in the preceding  ca s e s ,  the chief  p r o c e s s e s  a r e  the fo rmat ion  of p r i m a r y  alcohol VII without r e -  
a r r a n g e m e n t  (49%) and hydr ide- ion  migra t ion  with the fo rmat ion  of t e r t i a r y  ca rbonium ion V, which, by 
reac t ion  with the solvent,  is conver ted  to unstable  t e r t i a r y  alcohol VIII, which is then conver ted  to amino 
ketone IX (16~).  In addition, 26% of unsa tura ted  compound X is fo rmed ,  which may be the product  of e l im-  
ination of a hydrogen a tom f r o m  p r i m a r y  ca rbon ium ion IV or  t e r t i a r y  ion V, or  may a r i s e  as a r e su l t  of 
dehydrat ion of amino ketone IX or  i ts  cycl ic  t a u t o m e r  VIII during ch roma tog raphy  or  d i rec t ly  during the 
deaminat ion reac t ion .  

It  should have  been expected that  the effect  of the r ing ni t rogen a tom would be s i m i l a r  to the ef fec t  
of a hydroxyl  group in the T i f f e n e a u - D e m j a n o v  reac t ion  [3] and would p romote  the fo rmat ion  of a second-  
a ry  ca rbon ium ion (HI) with r ing expansion.  

The deaminat ion of 2-aminocyclohexanols  [4], in which the nucleophil ic group (OH), jus t  as in 1- 
h y d r o x y - l - a m i n o m e t h y l c y c l a n e s  ( T i f f e n e a u - D e m j a n o v  react ion) ,  is in the fl posi t ion r e l a t i ve  to the amino 
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group,  indicates  that  when the or ienta t ion  of these  groups  is fixed, the d i rec t ion of migra t ion  is de te rmined  
not so much by the p r o p e r t i e s  of the nucleophil ic  group as by s t e r i c  f ac to r s .  

We prev ious ly  [1,2] a s s um ed  that  the diazonium methyl  g roup  is fixed during deaminat ion of 1 - m e t h y l -  
3- and 1 - m e t h y l - 4 - a m i n o m e t h y l  p iper id ines  due to the fo rmat ion  of a cyclic  in t e rmed ia te  ion of the XI type, 
which is  par t i a l ly  s tabi l ized by in terac t ion  of the pos i t ive  charge  of the diazonium group with the unshared  
e lec t ron  pa i r  of the r ing n i t rogen a tom.  
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For  1 - m e t h y l - 2 - a m i n o m e t h y l p i p e r i d i n e  it  was also a s sumed  that  the unshared  e lec t ron pa i r  of the 
r ing n i t rogen a tom may be the r e a s o n  for  i n t r amolecu l a r  s tabi l izat ion of the diazonium ion with the f o r m a -  
tion of an in t e rmed ia te  ion of the XII type. 

In this  case ,  during e l iminat ion of a ni t rogen molecule  one should expect  the p redominan t  migra t ion  
of the hydrogen a tom of the r ing a - c a r b o n  a tom in the t r ans  posi t ion with r e s p e c t  to the diazo group with 
the fo rma t ion  of a t e r t i a r y  ca rbon ium ion (V). 
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Although the fo rmat ion  of an in t e rmed ia t e  cycl ic  diazonium ion to a ce r ta in  degree  explains the p r e -  
dominant  migra t ion  of a hydr ide  ion r a t h e r  than the  migra t ion  of a r ing carbon a tom in the deaminat ion of 
aminomethy lp ipe r id ines ,  i t  does not explain the fo rmat ion  of g r e a t e r  amounts  of pr imarY alcohols  as  c o m -  
pa red  with the deaminat ion of aminomethy lca rbocyc l i c  compounds.  F r o m  our  point of view, it s e e m s  mos t  
l ikely that  the p redominance  of the s tabi l iza t ion  of the p r i m a r y  ca rbonium ion is  due to in terac t ion  with so l -  
vent  (H20) and migra t ion  of a hydrogen a tom with the fo rmat ion  of a t e r t i a ry  ca rbon ium ion r a t h e r  then m i -  
g ra t ion  of r ing carbon a toms ,  leading to r ing expansion,  is de te rmined  by the conformat ion  of the ca rbonium 
ion which, in turn,  is  de te rmined  by the i n t r amolecu l a r  in terac t ion  of the f r e e  e lec t ron  pa i r  of the t e r t i a r y  
ni t rogen a tom of the r ing with the f r ee  p orb i ta l  of the e lec t ron-def ic ien t  ca rbon  a tom.  The unpai red  e lec -  
tron pa i r  of  the r ing ni t rogen a tom thus p romo te s  i n t r amolecu l a r  decomposi t ion  of the diazonium ion and 
by in terac t ing  with the f r e e  p orb i ta l  f o rm ed  in the p r o c e s s ,  par t ia l ly  s tab i l izes  the p r i m a r y  ca rbonium ion 
of the :Kill type (for 1 -me thy l -3 - aminome thy lp ipe r id ine )  or  of the XIV type (for 1 - m e t h y l - 2 - a m i n o m e t h y l -  
piperidine)~ 
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This s o r t  of ion will apparent ly  have  a lower  energy than the cor responding  ca rbon ium ion fo rmed  
during the deaminat ion of ca rbocyc l i c  compounds.  The in terac t ion  of this ion with solvent  without r e a r -  
r angemen t  will t he r e fo re  be  m o r e  l ikely.  
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Fig, 1, Chromatogram of the 
products of deamination of 1- 
methyl- 2-aminomethylpipe- 
ridine. 

The r ing hydrogen a tom in in te rmedia te  cycl ic  ions XIII and XIV 
is a lso  found in a posit ion mos t  f avo rab le  for  migra t ion ,  s ince it is in 
the t r ans  posit ion re la t ive  to the region of in teract ion of the f r e e  p o rb i t -  
al with the unshared  e lec t ron  pa i r  of the r ing ni t rogen a tom.  In addition, 
the coplanar  or ienta t ion of all  four  r eac t ion  cen t e r s  in the ca se  of 1-  
me thy l -4 -aminomethy lp ipe r id ine  fac i l i t a tes  t r a n s f e r  of the migra t ing  
hydrogen a tom,  and, in the ca se  of 1 - m e t h y l - 3 - a m i n o m e t h y l p i p e r i d i n e  
and, probably ,  1 -me thy l -2 - aminome thy lp ipe r id ine ,  the noncoplanar i ty  of 
the C - H  bond with the plane of the f r e e  p orb i ta l  should probably  hinder  
migra t ion  of the hydrogen a tom.  In fact ,  in con t r a s t  to the deaminat ion 
of 1 -me thy l -4 - aminome thy lp ipe r id ine ,  where  apparent ly  equal quant i t ies  
of p r i m a r y  and t e r t i a r y  alcohols  (38 and 39%) a r e  fo rmed ,  in the second 
case ,  62 % and 49~  of p r i m a r y  alcohols  and only 14 %of t e r t i a r y  alcohol 
and 16 %of amino ketone,  r e spec t ive ly ,  a r e  fo rmed .  One should appa ren t -  
ly have a cautious att i tude toward an e s t ima t e  of the deg ree  of hydr ide  
shift  for  compound I f r o m  only the amount  of amino ketone IX s ince a 

port ion of the t e r t i a r y  ca rbon ium ion (V) is probably  conver ted  to unsa tu ra ted  X, d i rec t ly  or  as a r e s u l t  of 
dehydrat ion of i ts  s tabi l iza t ion products  (VIII and IX), both during the reac t ion  and during ch romatography .  

The p r e s e n c e  of r e l a t ive ly  l a rge  amounts  of amino ketone IX and X in the products  of deaminat ion of 
1 - m e t h y l - 2 - a m i n o m e t h y l p i p e r i d i n e  compels  us  to a s s u m e  that the s ignif icant  gain in energy on pass ing  
f r o m  the p r i m a r y  ca rbon ium cen te r  to the t e r t i a r y  ca rbon ium ion cen te r  makes  poss ib le  the migra t ion  
of a hydrogen a tom to the conformat ion  which is not the mos t  f avorab le  for  such a migra t ion .  

1- Methyl-  2 -aminomethy lp iper id ine  was deaminated  under  s tandard  conditions [ 1 ]o An invest igat ion 
of the products  by means  of gas - l iqu id  ch roma tog raphy  [1] {Fig. 1) indicated that four compounds a re  
f o r m e d  in the reac t ion .  These  compounds were  s epa ra t ed  by p r e p a r a t i v e  gas - l iqu id  ch roma tog raphy  [1,2] 
for  identif icat ion and es t ab l i shmen t  of the i r  s t ruc tu re s .  

Catalyt ic  hydrogenat ion of the mix tu re  of compounds cor responding  to peaks  1 and 2 in the c h r o m a t e -  
g r a m  gave a m ix t u r e  of 1 ,2 , -d imethy lp iper id ine  and 1 -methy lhexahydroazep ine  in the s a m e  quanti ta t ive 
ra t io  as  the s ta r t ing  compounds .  The s t r u c t u r e  of the hydrogenat ion products  was p roved  by c o m p a r i s o n  
of t he i r  re ten t ion  t imes  with the re tent ion  t i m e s  of authentic s ample s .  

The UV sp ec t r a  of the unsa tu ra ted  reac t ion  products  contained an absorpt ion  m a x i m u m  (~.max) at  231 
nm (log e 3.68) c h a r a c t e r i s t i c  for  A 2 - e n a m i n e s  [5]. The absorp t ion  bands at  3058 cm - i  and 2810 cm -1 in 
the IR s p e c t r a  a r e  a s c r i bed  to the va lence  v ib ra t ions  of the C - H  and N - H  bonds.  The double absorp t ion  
band of the  valence v ibra t ions  of the C = C bond at  1675 and 1648 c m  -1 and the absorp t ion  bands a sc r ibed  to 
the u n s y m m e t r i c a l  deformat ion  v ib ra t ions  of the =C-~H bond, with m a x i m a  at  889 and 827 c m  -1, indicate  the 
p r e s e n c e  of two types  of A z - e n a m i n e s ,  1 ,2 -d imethyl -A2-p iper id ine  (X) and 1 - m e t h y l - 4 , 5 , 6 , 7 - t e t r a h y d r o -  
azepine  (XI) [6]. 

The cons tants ,  re tent ion  t imes ,  and PMR and IR s p e c t r a  of the compound cor responding  to peak 3 in 
the c h r o m a t o g r a m  were  in a g r e e m e n t  with the c h a r a c t e r i s t i c s  of an authentic s amp le  of 1 - m e t h y l - 2 -  hy- 
droxy-  piper idine (VII). 

The compound cor responding  to peak 4 in the c h r o m a t o g r a m  could not be i so la ted  in pure  f o r m  s ince 
it is pa r t i a l ly  dehydrated to enamine X under  the conditions of alkal ine,  p r e p a r a t i v e  column gas  c h r o m a t o -  
graphy at  a separa t ion  t e m p e r a t u r e s  of 150 deg. Two peaks  a r e  v is ib le  on the c h r o m a t o g r a m  of the com-  
pound a f t e r  p r e p a r a t i v e  isolat ion.  The re tent ion t ime  of the f i r s t  coincided with the re ten t ion  t ime  of 1,2- 
dimethyl  A2-piperideine,  while that  of the second co r re sponded  to a component  of the four  r eac t ion  products .  

In addition to the s ignals  f r o m  the protons  of enamine  X, the PM_R s p e c t r u m  of the mix tu re  f o r m e d  
by dehydrat ion contained s ignals  f r o m  the por tons  of a bas ic  compound. In addition to the c h a r a c t e r i s t i c  
absorpt ion  bands of enamine X, absorp t ion  bands of aminoketone IX were  a lso  obse rved  in the IR s p e c t r u m  
(see Exper imenta l ) .  

On the b a s i s  of these  data and the s t r u c t u r e  of X, f o rmed  during dehydrat ion,  aminoketone s t r u c t u r e  
IX was ass igned  to component  4. 
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Measu remen t  of the a r e a s  of the s ignals  in the c h r o m a t o g r a m  of the reac t ion  products  (Fig. 1) made 
it poss ib le  to de t e rmine  the i r  r a t ios :  26% 1 ,2-d imethyl -A2-p iper id ine  (X), 9% 1 - m e t h y l - 4 , 5 , 6 , 7 - t e t r a h y d r o -  
azepine  (VI), 49 % 1 - m e t h y l -  2 -hydroxymethylp iper id ine  {VII), and 16 % 6 -me thy lamino-  2-hexanone (IX)o 

E X P E R I M E N T A L  

1-Methy l -2 -aminomethy lp ipe r id ine .  A solution of 5 g (0.05 mole)  of the n i t r i l e  of picolinic acid in 10 
ml  of absolute  methanol  was mixed with 10 g (0.1 m01e ) of f r e sh ly  p r e p a r e d  f rozen  methyl  b romide ,  and 
the mix tu re  was heated in an autoc lave  at 110 deg fo r  2 h. The excess  methyl  b romide  was r emoved  in 
vacuo to give 9.4 g (98 %) of impure  reac t ion  product  with mp 195-199 deg. 

The methyl  b romide  adduct (9.4 g) was d isso lved  in 20 ml of water ,  and the solution was ref luxed with 
0.5 g of ac t ivated charcoa l .  The solution was f i l te red ,  11 ml  (0.1 mole)  of hydrochlor ic  acid (sp~ gro 1.19) 
was added to the f i l t ra tes  and the mix tu re  was placed in an appara tus  for  hydrogenat ion at  2-3 a tm abs.  The 
hydrogenat ion was c a r r i e d  out in the p r e s e n c e  of 0.2 g of PrO 2. .Hydrogen absorp t ion  was quant i ta t ive (5.3 
l i te r ) .  The ca ta lys t  was r e m o v e d  by f i l t ra t ion,  and the solution was neut ra l ized ,  sa tu ra ted  with po ta s s ium 
carbonate ,  and ex t rac ted  with four  10-ml  por t ions  of ether~ The e ther  solution was dr ied  with fused po tas -  
s ium carbona te  and dis t i l led to give 5.8 g (95%) of 1 -me thy l -2 - aminome thy lp ipe r i d ine  with bp 68-69 deg 
(10 mm),  nD z~ 1.4731, and d42~ 0o9102. Found: MR D 39.54. CTHI6N2. Calc. :  MR D 39.74 [7]. According 
to gas - l iqu id  ch romatography ,  the compound contains l e s s  than 0.570 1 -me thy l -3 - aminome thy lp ipe r id ine .  

PMR spec t rum:  s ingle t  at  0.74 ppm (amino protons) ;  mul t ip le t  at  1.30-1.62 ppm (protons of the fl- 
and 7 -me thy lene  groups  and the axial  proton of the a - m e t h y l e n e  group;  s inglet  at  2.04 ppm (N-methyl  
group protons) ;  doublet  at 2.42 ppm (J = 4.9 Hz) (aminomethyl  g roup  protons) ;  weak doublet  a t  2.78 ppm 
(J = 10 Hz) (equatorial  proton of the a - m e t h y l e n e  group);  s inglet  at 3.18 ppm (methine group proton).  

1- Methyl-  2-hydroxymethylp iper id ine .  A solution of 4~ g (0~ mole)  of methyl  N-methylpicol ina te  
in 50 ml  of absolute  e ther  was added dropwise  and slowly with continuous s t i r r ing  to an ice -cooled  suspen-  
sion of 1.5 g (0.04 mole)  of l i thium a luminum hydr ide  in 200 rnl of e ther .  At the end of the addition, the 
reac t ion  m a s s  was allowed to stand for  12 h a t  r o o m  t e m p e r a t u r e  and then ref luxed for  2 h. The excess  
l i thium a luminum hydride was carefu l ly  decomposed  with 2 ml  of water  until hydrogen evolution ceased.  
The e ther  solution was f i l t e red ,  and the solid r e s idue  was washed twice with e ther  (25-ml port ions) ,  dr ied 
with fused po tass ium carbona te ,  and dist i l led to give 3.45 g (88 %) of 1 -me thy l -2 -hyd roxyme thy lp ipe r id ine  
with 87-88 deg (8.5 mm)  [7], nD 2~ 1.4795, and d42~ 0.9755. Found: MR D 37.62. C7H15NO. Calc.: MI~ D 
37~ 

PMR spec t rum:  mul t ip le t  at  1.22-1.76 ppm (protons of the fi-, /~'-, and 7 -methy lene  groups and axial  
protons  of the ~ -me thy l ene  groups) ;  s inglet  at  2.11 ppm (N-methyl  group protons) ;  doublet at  2.76 ppm 
(Ja,e -- 10 Hz) (equatorial  proton of the s - m e t h y l e n e  group),  doublet  at  3.48 ppm (J = 6 Hz) (methoxy group 
protons) ;  s ingle t  at 4.05 ppm (hydroxyl group  proton).  

1 ,2-Dimethylp iper id ine .  The synthes is  was c a r r i e d  out via a method s i m i l a r  to that  used to p r e p a r e  
1 ,3-d imethylp iper id ine  [1]. A combinat ion of 25 g (0.27 mole)  o f~ -p i co l i ne  and 70 g (0.75 mole)  of methyl  
b romide  gave,  a f t e r  reduction,  21 g (69%) of 1 ,2-d imethylp iper id ine  with bp 127-128 deg (754 mm)  nD 2~ 
1.4438, and d4~~ [8.9]. Found: MR D 36.59. CTI-Ii5i<~, Calc . :  MR D 36.27. PMR spec t rum:  doublet 
at 0.92 ppm (J = 3.8 Hz) (C-methyl  group protons):  mulf iplet  at 1.22-1.72 ppm (protons of the fi-, f l ' - ,  and 
T-methy lene  groups  and axial  proton of the s - m e t h y l e n e  group);  s inglet  at  2.15 ppm (N-methyl  group p ro -  
tons);  doublet  at 2.78 ppm (Ja,e = 9.7 Hz) (equator ia l  proton of the a - m e t h y l e n e  group). 

Deaminat ion of 1 -Methy l -2 -Aminomethy lp ipe r id ine .  A 10% solution of phosphoric  acid was added to 
a solution of 5.1 g (0.04 mole)  of the amine  in 25 ml  of water  until the pH was 5.5. A 1070 solution of sodium 
n i t ra te  [40 ml (0.06 mole)]  was added during 20 rain with v igorous  s t i r r ing  to the sa l t  at  0 deg while main-  
taining the t e m p e r a t u r e  a t  p r e c i s e l y  0 deg~ The reac t ion  m a s s  was s t i r r e d  for  2h at 0 deg and allowed to 
stand at  20 deg for  12 h. It  was then heated to 60 deg for  10 min and cooled. The reac t ion  products  a f t e r  
neut ra l iza t ion  and sa tura t ion  of the solution with po ta s s ium carbonate  were  ex t rac ted  with th ree  15-ml  
por t ions  of e ther .  Dist i l lat ion of the e ther  ex t r ac t  yielded a f rac t ion  with unsa tura ted  compounds:  (5.170 
of the theoretical yield) with bp 99-107 deg (13 mm) and a fraction with alcohols (21 70) with bp 101-110 deg 
(8 mm). The overall yield was 26.1%. The ether extract of the reaction products had the following com- 
position according to gas-liquid chromatography: 26 70 1,2-dimethyl- A2-piperideine, 9 % 1- methyl-4,5, 6, 
7-tetrahydroazepine, 49 % 1-methyl- 2-hydroxymethylpiperidine, and 1 6 % 6-aminomethyl- 2-hexanone. 
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Two components were obtained by separation of the ~alcohol ~ fraction on the preparative column of 
a gas-liquid chromatograph. The f i rs t  was identified as 1-methyl-2-hydroxymethylpiperidine. The IR 
spectra of the product isolated from the reaction and an authentic sample of the alcohol were identical: 
3440 cm-J(VOH), 1462 cm -! (6CH), 1400 cm -I (6OH), 1375 cm -I (5CH3) , and 1203 and 1115 cm-l(Vc_o). 
Their melting points, MR D values, retention times (4.5 rain), and PMR spectra were also identical. 

The second component was 6-aminomethyl-2-hexanone (retention time (10.6 min). As already noted, 
the control chromatograph indicated that this compound is partially dehydrated to 1,2-dimethyl-A2-piperi - 
dine during preparative isolation. The singlets at 2.60 and 2.75 ppm in the PMR spectrum of the mixture 
formed in the process belong to the protons of the C- and N-methyl groups of the enamine, while the sing- 
lets at 1.66 and 2.15 ppm belong to the protons of the C- and N-methyl groups of the amino ketones; the 
signals of the fi- and 7- methylene protons of both compounds form a common multiplet (approximately six 
lines) centered at 1.15 ppm while the signals of the c~-methylene protons (C- CH 2-X) at 1o85-2.65 ppm give two 
poorly resolved multiplets. The absorption maxima in the IR spectra at 1640, 1675, and 3060 cm -I are as- 
cribed to the valence vibrations of the C =C and =C-H groups in the enamine. The absorption at 3330 and 
1715 cm -I correspond to the valence vibrations of the N-H and C =O groups in the amino ketone. 

The fraction containing the unsaturated compounds was composed of 74% 1,2-dimethyl-A~piperideine 
(retention time 16 rain) and 26 % 1-methyl-4,5,6,7-tetrahydroazepine (retention time 21 rain at a column 
temperature of 100 deg and a gas-carrier flowrate of 20 ml/min). 

Hydrogenation [1] of the mixture of unsaturated compounds gave, according to gas-liquid chromato- 
graphy, a mixture consisting of 1,2-dimethylpiperidine (74%) and 1-methylhydroazepine (26%). The reten- 
tion times of the compound obtained coincided with the retention times of authentic samples and were 6.0 
and 8.6 min at a column temperature of 100 deg and a gas-carrier flowrate of 20 ml/min. 

1. 
2. 
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